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Gender differences in blood velocities across
carotid stenoses
Anthony J. Comerota, MD, RVT, Sergio X. Salles-Cunha, PhD, RVT, Yahya Daoud, MA,
Linda Jones, RVT, and Hugh G. Beebe, MD, Toledo, Ohio
Objectives: Carotid duplex scanning is the standard test for documenting carotid disease. Carotid endarterectomy
effectively reduces stroke in selected patients with carotid artery disease. Data from large national randomized trials
suggest that the benefits of CEA may be gender dependent. Because many diagnoses are made and treatment is based on
the results of carotid duplex ultrasound scanning alone, it is important to determine whether different diagnostic
thresholds should be used inmen andwomen. The purpose of this study was 2-fold: to examine whether there is an overall
gender difference in carotid velocity at similar arteriographic stenoses, and to determine whether there are significant
differences at clinically relevant thresholds of disease.
Methods: A database of 938 carotid arteriogram entries was established prospectively, with accompanying measurements
of peak systolic velocity (PSV) and end-diastolic velocity (EDV). The percent of internal carotid artery stenosis seen on
arteriograms was calculated according to criteria from the North American Symptomatic Carotid Endarterectomy Trial.
Analyses were made in 536 carotid arteries in men and 402 carotid arteries in women. In addition, the single most
diseased artery per patient was analyzed by gender. PSV and EDV were averaged for data subsets according to 10%
intervals of internal carotid artery stenoses. Velocity for each interval was compared between men and women with the
Student t test. Receiver operator characteristic curves were developed to define optimal duplex criteria for 60% and 70%
stenosis.
Results: For all intervals, PSV and EDV averaged 9% and 6% higher, respectively, in women than in men. Significant
gender differences existed between PSV and EDV for 60% and 70% stenosis (P  .03). When a single vessel per patient
was analyzed these observations persisted, but lost significance for PSV at 60% stenosis (P  .18). Receiver operator
characteristic curves at 90% sensitivity demonstrated that optimal PSV for 60% stenosis was 160 cm/s and 180 cm/s, and
for 70% stenosis was 185 cm/s and 202 cm/s, in male and female patients, respectively.
Conclusions: Women have higher carotid blood flow velocity than men do. Gender differences exist, and are notably
different at clinically relevant thresholds for intervention. These data indicate that different criteria should be used for
interpreting carotid velocity profiles in women than in men, and have potentially important implications for patient care.
(J Vasc Surg 2004;40:939-44.)Carotid endarterectomy (CEA) reduces the risk for
stroke in selected patients with symptomatic and asymp-
tomatic carotid atherosclerosis.1-5 Because of its observed
benefit and the prevalence of carotid bifurcation atheroscle-
rosis, CEA is the most commonly performed vascular re-
constructive procedure. In general the benefit of CEA is
related to the degree of stenosis, although in 2 national
trials of patients with asymptomatic disease observations of
the stenosis-specific benefit did not persist.4,5
Carotid arteriography is commonly considered the
most reliable method for evaluating carotid atherosclerosis,
and the North American Symptomatic Carotid Endarter-
ectomy Trial (NASCET)1 investigators standardized the
method of quantifying the degree of carotid stenosis. Ca-
rotid duplex ultrasound scanning compares favorably with
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doi:10.1016/j.jvs.2004.08.030arteriography in quantifying carotid atherosclerosis.6-16 In
an effort to reduce the risk for ischemic complications from
carotid arteriography, many physicians are using carotid
duplex scanning as the definitive diagnostic procedure be-
fore CEA.17-19
Diagnostic criteria for carotid duplex scanning have
been established and accepted as reliable from laboratories
accredited by the Intersocietal Commission for the Accred-
itation of Vascular Laboratories (ICAVL) with ongoing
quality assurance programs. However, despite efforts to
maintain accurate diagnostic criteria that reflect arterio-
graphically demonstrable disease, personal observations
were made at a worrisome frequency that carotid duplex
scanning resulted in overestimation of disease severity in
women, yet false-positive studies were infrequently ob-
served in men. This raised the concern that women may
have higher velocity in their carotid arteries thanmen do for
similar amounts of disease, and led to this retrospective
analysis of carotid duplex ultrasound scanning versus arte-
riography stratified by gender. The purpose of this study
was to examine whether there are velocity differences based
on gender in patients with carotid artery disease and
whether different velocity criteria should be used in women
than in men, especially at clinically relevant thresholds of
disease.
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Patients who underwent carotid arteriography and ca-
rotid duplex scanning, with the results entered into the
Jobst Vascular Center database during the 10 years from
January 1993 throughDecember 2002 are the basis for this
study. Only examinations performed at the Jobst Vascular
Center and The Toledo Hospital were entered into the
database. The carotid duplex scans and arteriograms were
obtained and interpreted independently by different physi-
cians, and entered prospectively in a Microsoft Excel file.
Arteriography was performed on average 23 days after the
ultrasound examination, with 74% of arteriographic exam-
inations performed within 30 days and 95% performed
within 82 days of carotid duplex scanning.
Data from 1019 carotid bifurcations were available.
Entries related to internal carotid occlusion (n  81) were
excluded from analysis. Comparison was performed on the
basis of 938 carotid arteries, 536 from men and 402 from
women. Average age at the time of ultrasound scanning was
70  10 years (range, 30-90 years) for men and 69  10
years (range, 36-91 years) for women.
To eliminate potential bias and other confounding
influences, the single most diseased carotid artery was ana-
lyzed in 328 men and 241 women overall and at the disease
threshold of 60% and 70% diameter reduction in stenosis.
Carotid ultrasound. Color-flow duplex ultrasound
scanning was performed in an ICAVL-accredited vascular
laboratory. A brief patient history was taken to confirm
indications for carotid ultrasound scanning, and patients
were examined while supine. Carotid bifurcations were
imaged in transverse and longitudinal views. Velocity was
obtained at the proximal, middle, and distal common ca-
rotid arteries (CCAs) and internal carotid artery (ICA), and
the proximal external carotid artery (ECA), and by contin-
uous evaluation through the segment of artery with great-
est disease. Linear transducers in the 5-MHz to 10-MHz
range were used preferentially. Sector probes were used as
needed to evaluate the distal ICA or deep vessels. The
Doppler angle of insonation was 60 degrees unless pre-
cluded by anatomic constraints. Angles of insonation
greater than 60 degrees were avoided; however, angles less
than 60 degrees were considered acceptable. ICA velocity
was measured at the site of maximum stenosis. A single
representative pair of peak systolic and end-diastolic veloc-
ities was recorded in the database for the CCA and ICA,
respectively. The ICA-CCA peak systolic velocity ratio was
calculated.
Arteriography. Biplane or triplane contrast arteriog-
raphy was selectively performed according to patient indi-
cation and practice patterns of the attending physicians.
Aortic arch images and selective films of the carotid arteries
were obtained routinely. Radiologist interpretations of ICA
stenosis were entered into the database. This interpretation
was based on selection of the arteriographic image with the
minimal residual lumen, and compared with the normal
diameter of the ICA distal to the lesion, and the percent of
stenosis calculated.1,2,4 Radiologist interpretations werevalidated by independent second measurements as previ-
ously reported.20
Statistical analysis. Scatter plots were drawn of the
data, and the correlation coefficient of PSV and EDV versus
arteriographic stenosis in men and women was calculated.
To evaluate for optimal duplex criteria for 60% and 70%
diameter reduction in stenosis, overall and gender-specific
receiver operator characteristic curves were also developed.
The Student t test (2 independent samples) was used to
compare mean differences between the 2 groups, male and
female patients, for the continuous variables PSV and EDV.
P  .05 was considered significant. All statistical analyses
were performed with SPSS software, version 10.1.
RESULTS
Figs 1 and 2 (online only) show scatter graphs of PSV
and EDV as a function of percent of carotid stenosis as
determined at arteriography. The cubic regression fitted
lines are plotted for men versus women. The spread be-
tween the 2 lines was wider for 50% to 80% stenosis in both
graphs. There was a significant correlation of PSV with
arteriographic stenosis (r  0.75 in men, r  0.79 in
women). Similarly, the correlation of EDV with arterio-
graphic stenosis was significant (r 0.72 in men, r 0.71
in women. For both men and women, P  .001.
Comparison of male-female velocity for all deciles of
carotid disease demonstrated that PSV and EDV averaged
9% and 6% higher, respectively, in women than in men. For
intervals centered at 50% or greater of carotid stenosis, both
PSV and EDV averaged 11% higher in women than in men
(Fig 3).
PSV was significantly higher in women for the carotid
stenosis intervals centered at 60% and 70% (Table I). PSV in
women was 21% higher for the intervals centered at 60%
(P  .030), and 20% higher for 70% carotid stenosis
(P  .010).
EDV also was significantly higher in women for the
carotid intervals centered at 60% and 70%. EDV in women
was 33% higher for the interval centered at 60% (P .013),
and 26% higher for the interval centered at 70% carotid
stenosis (P  .029).
Velocity ratio was also higher in women than in men.
For all intervals, velocity ratio averaged 11% higher in
women than in men.
After single-vessel per patient analysis the same obser-
vations were made (Table II). However, the P value lost
significance for PSV differences at the 60% threshold (P 
.18), likely due to the smaller numbers available for analysis.
Receiver operator characteristic curves showed that for
90% sensitivity for detecting 60% stenosis, PSV was 160
cm/s in men and 180 cm/s in women. For 70% stenosis,
PSV was 185 cm/s for men and 202 cm/s in women.
DISCUSSION
Anecdotal observations that commonly accepted veloc-
ity criteria overestimate carotid stenosis in women based on
arteriographic findings led to this large retrospective anal-
ysis. Although the study was retrospective, arteriograms
city v
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criteria and compared with the carotid duplex ultrasound
scans. Arteriograms and noninvasive studies were inter-
preted independent of each other. The data appear robust,
and the observation that women have higher flow velocity
in their carotid system, associated with lesser degrees of
stenosis, is in keeping with other available information.
Two important questions surface: Are there reasonable
Fig 3. Mean carotid veloexplanations for this observation? Are these observationsclinically meaningful? The answer to both of these ques-
tions appears to be yes.
Women with asymptomatic disease are more prone to
have cervical bruits than men are. Furthermore, women
with cervical bruits are 5.7 times less likely thanmen to have
associated carotid stenosis.21 Williams and Nicolaides22
showed that the diameters of the CCA, ICA, and external
carotid arteries were significantly smaller in women com-
ersus stenoses by gender.pared with men. Scheel et al23 confirmed reduced luminal
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with men.
The differences in size of the ICA and CCA translate
into ratio differences in the ICA-CCA between genders.
There is an interesting difference in the distribution of
atherosclerotic plaque. Schulz et al24 reviewed 5395 arte-
riograms from the European carotid surgery trial and com-
pared diameter ratios of the ICA, CCA, and ECA minimal
disease to obtain a truer relationship between vessels.
Among the 2930 arteriograms available for review, mean
ICA-CCA ratio and ICA-ECA ratio, and outflow-inflow
area ratio were larger in women than in men (P  .0001).
In addition, there were differences in the distribution of
carotid plaque, with men more likely to have maximal
stenosis in the ICA and women having a greater degree of
plaque within the carotid bulb. Furthermore, women were
more likely to have severe disease in the ECA, which would
also bias the distribution of existing flow through the
patent ICA. A gender-based analysis of carotid plaque
distribution was not performed as part of this study.
Changes in arterial wall compliance can alter the veloc-
ity profile of blood flow. There is an interesting difference
in age-related compliance of the arterial wall in women
compared with men. Women exhibit increased age-related
Table I. ICA velocities (PSV and EDV) as a function of
arteriographic stenosis centered at 60 and 70%: All
arteries
Stenosis
interval
Women Men
Difference
% Pn
ICA
velocity n
ICA
velocity
55–65% 35 39
PSV 228 14 189  11 21 .030
EDV 68  6 51  4 33 .013
65–75% 39 62
PSV 285 16 236  11 20 .010
EDV 97  7 77  6 26 .029
ICA, Internal carotid artery; PSV, peak systolic velocity; EDV, end-diastolic
velocity.
Table II. ICA velocities (PSV and EDV) as a function of
arteriographic stenoses centered at 60% and 70%: Single
artery per patient
Stenosis
interval
Women Men
Difference
% Pn
ICA
velocity n
ICA
velocity
55–65% 27 26
PSV 223 16 193  15 16 .18
EDV 67  7 51  5 31 .059
65–75% 39 62
PSV 295 17 231  12 28 .003
EDV 101 8 78  7 29 .023
ICA, Internal carotid artery; PSV, peak systolic velocity; EDV, end-diastolic
velocity.stiffness of arteries,25 and develop a higher degree of pul-satility (pulse pressure),26 which predisposes them to
higher velocity for any given blood pressure.
Anemia artifactually increases arterial velocity.26,27
Women have a relative anemia compared with men, which
is also likely to have a role in the velocity differences
between genders.
Body size may be a factor influencing arterial blood
flow velocity. Body size adjustment incorporating height
and weight would have been interesting in evaluating ve-
locity difference; however, these data were not available.
The clinical relevance of the observations in this series is
brought into perspective considering that carotid duplex
scanning has been the accepted diagnostic technique in
most patients with cerebrovascular disease. Many vascular
surgeons make decisions regarding CEA on the basis of the
noninvasive study alone.17-19 In some centers, as many as
90% of patients undergo surgery on the basis of findings on
carotid duplex scans, without other confirmatory imaging
techniques.
In reports that establish thresholds for diagnostic crite-
ria, comparisons of all available arteries with noninvasive
studies and arteriograms have been reported. This report
offers a similar approach with a gender-based view. How-
ever, to avert potentially confounding variables that affect
velocity when analyzing more than 1 artery per patient, we
performed the analysis with only a single (worst diseased)
artery per patient. The gender observation persisted at the
clinically relevant thresholds of 60% and 70% diameter
reduction in stenosis; however, PSV values at 60% lost
significance (P  .18), mainly because the number of
patients was reduced.
Performing CEA to treat carotid disease on the basis of
noninvasive studies alone assumes that the positive predic-
tive value of the test has adequate reliability to identify the
desired threshold stenosis. Moreover, it assumes that treat-
ment of carotid disease benefits the patient. Most patients
in studies that established carotid duplex criteria compared
with arteriograms were men; women have generally been
underrepresented.
Few will argue that all patients with focal cerebral
ischemia ipsilateral to a high-grade carotid stenosis should
undergo CEA.1 The Asymptomatic Carotid Atherosclero-
sis (ACAS) study demonstrated that patients with asymp-
tomatic carotid stenosis of 60% or greater also enjoy long-
term benefit from CEA.4 Largely because of this
observation, an increasing number of patients with asymp-
tomatic disease are undergoing treatment with both CEA
and carotid angioplasty and stenting. It is common for as
many as 70% of patients who undergo intervention for
carotid stenosis to have asymptomatic disease.
The results from large randomized trials have been
generically accepted to apply to all patients. However,
women are underrepresented in trials of CEA that have
demonstrated superiority to best nonoperative care. The
natural history of carotid atherosclerosis appears to be
different in women compared withmen. At any age, the risk
for stroke is greater in men than in women.28 The risk for
stroke is higher in men with similar degrees of carotid
JOURNAL OF VASCULAR SURGERY
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biologically higher risk lesions. Joakimsen et al29 showed
that atherosclerotic lesions in men were more heteroge-
neous. These ultrasound characteristics are consistent with
plaques that are soft and lipid-rich, and likely to have more
intraplaque hemorrhage. These characteristics are associ-
ated with an increased risk for ischemic events, including
myocardial infarction30 and stroke.31
The large trials of CEA emphasize that procedural
benefit is predominantly determined by the incidence of
operative complications. Additional analyses of the
NASCET and ACAS studies suggest that CEA may not be
so efficacious in women as it is in men. In the ACAS study
the stroke and death rate at 5 years was reduced by only 17%
in women, compared with a 66% reduction in men. In part
this discrepancy was due to a greater incidence of periop-
erative complications in women (3.6%) than in men (1.7%).
Lane et al32 reported similar observations. They also dem-
onstrated that women had a 3-fold increase in operative
strokes. Sarac et al33 demonstrated that women were at
higher risk for postoperative transient ischemic attack or
stroke and for postoperative stroke or death, compared
with men (P  .03). Multivariate analysis of the results
showed that female gender was an independent predictor
for postoperative transient ischemic attack or stroke. Fur-
thermore, and perhaps most important, women with
asymptomatic disease were at greater risk than men for
postoperative stroke or death. Rigdon34 demonstrated that
black womenwere at particularly high risk for postoperative
stroke after CEA. Post-CEA, women have a higher inci-
dence of carotid restenosis (21% vs 11%).35 The recently
reported Asymptomatic Carotid Surgery Trial data are con-
sistent with the trends previously observed. Women ran-
domized to CEA had a 44% higher operative stroke and
death rate compared with men, with 50% less long-term
benefit.5
When undergoing percutaneous intervention for dis-
ease in other vascular beds, women have had higher com-
plication rates and therefore less benefit from the proce-
dures.36-39 It will be interesting to observe whether this is
true for carotid angioplasty and stenting. Preliminary ob-
servations indicate that may well be the case.
This study documents that carotid velocity is higher in
women than in men, especially after development of ath-
erosclerotic plaque and at clinically relevant thresholds of
carotid disease. These observations require corroboration
with other large studies, preferably prospective trials. It is
hoped that multicenter trials such as the Carotid Revascu-
larization with Endarterectomy and Stent Trial and other
large databases will enable such comparison.
There are anatomic, physiologic, and pathologic gen-
der differences that would explain the higher velocity pro-
files observed in women compared with men. Inasmuch as
the natural risk for carotid atherosclerosis is lower in
women, and the risk of intervention is higher, the threshold
for intervention in women should reasonably be higher
than the threshold for intervention in men, especially in
patients with asymptomatic disease.In light of the information reviewed above, noninvasive
velocity criteria should be adjusted in women to more
accurately reflect the underlying disease and offer a better
fit with their risk for carotid atherosclerosis as well as the
risks and benefits of intervention.
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Dr R. Eugene Zierler (Seattle, Wash). As you alluded to, the
concept of gender differences in vascular parameters is not new.
Blood pressure, arterial diameter, compliance, and pulsatility are
some that have been described elsewhere. However, since flow
velocities are used to assess the severity of carotid artery disease in
the clinical setting, these measurements and differences assume a
higher level of importance, as you pointed out.
You’ve convincingly reported that there are statistically signif-
icant differences in carotid peak systolic and end diastolic velocities
between men and women. These differences include the velocities
associated with the clinically important thresholds, such as 60% and
70%, as described in the ACAS and the NASCET studies. While I
accept the primary conclusion of your study, the clinical implica-
tions are still a little bit cloudy to me. For example, when I apply
the duplex velocity criteria from my own laboratory to the mean
velocities reported in your study for the 60% and 70% stenosis
thresholds, bothmen and woman are correctly classified in the 50%
to 79% category. Furthermore, when I look at the 80% to 99%
category, most of the men and woman are correctly classified. I
couldn’t do the ICA-CCA ratio, because you didn’t give me the
common carotid artery velocities in the manuscript. So, based on
these observations, I have the following 3 questions.
What effect, if any, did the observed gender differences in flow
velocities have on the routine clinical categorization of carotid
stenosis as I’ve described? Did the false-positive and false-negative
rates, based on your data sets, support your original hypothesis?
You didn’t give any specific suggested criteria that you might offer.
Your patient sample also included a very wide range of ages, from
about 30 to 90 years in each of the gender groups. Since an agevelocities in older individuals, did you stratify patients by age to see
if this had any effect on your outcomes?
And finally, the third question. Since men are typically much
larger than women, I wonder if height or weight alone might affect
carotid velocity independent of gender? Were you able to stratify
the patients by size within each gender group to see if this might be
the case?
Dr Anthony J. Comerota: In terms of the routine clinical
categories, obviously this is an entirely different approach from
what we have routinely used to calculate sensitivity, specificity, and
predictive values. The direct answer to your question is, I don’t
know yet, because we haven’t done that type of analysis. What we
did do is take the carotid arteriogram for every decile of disease and
then correlate the mean velocity for that decile of disease that we
found in both males and females, and then look to see if there was
a difference. So it’s an entirely different approach from what we
have routinely used to calculate sensitivity, specificity, and predic-
tive values. And it will be interesting to see how we modify our
clinical categories. I think these do have implications for our
clinical diagnosis based on duplex velocities. I can’t yet tell you
how much it’s going to have an effect. And I’ve alluded to your
false-positive and false-negative question.
In terms of the age range, yes, the age ranges were wide. But
the mean age was 69 and 70 years for both genders. I don’t think
there was much difference.The overwhelming number of patients
was in the older age range.
In terms of size, certainly that may have an effect. We did not
correct for height. However, in terms of physiologic studies and
luminal diameters, previous investigators have found that, even
when correcting for height, there are physiologic and anatomic
differences in women compared with men.
Fig 1, online only. Scatter graph shows correlation of peak systolic velocity with arteriographic stenosis by gender.
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Fig 2, online only. Scatter graph shows correlation of end-diastolic velocity with arteriographic stenosis by gender.
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